Abstract: Piezoelectric plate elements are used in a variety of applications such as optical modulators, microactuators, and certain types of transducers and resonant sensors, where it is necessary to know the maximum amplitude obtainable per volt applied. Conduction, dielectric, and viscous losses within the transducer add to the air loading to limit further the amplitude. These effects are discussed. Stresses arising from the electrode mass loadings can become quite large at telecommunications frequencies.~T
RODUCTION
The maximum amplitude of vibration of plate resonators is limited by losses and air loading. We assume that the losses consist of acoustic viscosity, representable by a motional time constant, and a combination of both dielectric and conduction losses that are lumped into a static time constant. Air loading is represented by a power transmission factor. A single findarnental mode is treated for simplicity of illustration.
The presence of the thee material loss mechanisms is accounted for by making the piezoelectric coupling coefficient complex, while however retaining the individual frequency dependence of each type of loss. Air loading is accounted for by making the mass loading factor complex. One then substitutes the complex coupling factor for the Iossless one in the expression for surface displacement of a plate. The additional incorporation of complex electrode mass loading requires only the further replacement of the coupling factor by the term appearing in parentheses in Eq. 55, p. 126, of(1). The calculational procedure is sketched below.
PROCEDURE
The following are input quantities: Stiffened acoustic velocity, vbar; Mass density, rho; Piezoelectric coupling factor, k (Iossless); Motional time constant, tau 1; Total conductivity, sigtot; Normalized electrode mass loading, mu; Nominal fundamental plate frequency, fo; Vacuum permittivity, epsO; Perrnittivity at constant stress, epsT; Air loading factor, R. From these, are calculated: Permittivity at constant strain, epsS = (1 -k2) . epsT; Static time constant, tauO = (epsS/sigtot); Stiffened elastic stiffness, char = rho q (vbar)z ; Plate half-thickness, h = vbar/(4 . fo). Frequency (f, 03/2n) is the independent variable. Additional derived quantities are: 
HLITUDE AND STRESS
With the definition: Gomax = The maximum of IGo(0)I, the maximum amplitude per volt applied is U = Alpha . Gomax, where Alpha is Alpha(o) evaluated at the value of w that makes IGo(0)I = Gomax. The acceleration (in earth-gravity units) at the interface between the piezoelectric plate and the electrode is equal to oz q U /g, where g = 9.81 tisec'. The stress at this interface is W2 q U q mu (pascal). For air at STP, rho = 1.2929 kg/m3; viscosi~, q x 1.83 q 10-5 Pa-s; velocity, v z 344~s. men the above relations are applied to the numerical values given in Table 1 , and computations earned out at fo = 100~z, and for mu = 1Yo and 10YO,one arrives at the results given in Table 2 . This table provides the surface amplitude per volt applied, the surface acceleration, the electrode-resonator interracial stress, and the stress normalized to the appropriate elastic constant. The calculations indicate that the electrode thickness can have a significant effect on the interracial stress. The stress levels are large enough in some cases to approach the point at which electrode detachment can occur. 
